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Abstract 

We use the "General Gauge Mediation" formalism to describe a 5D setup with an S 1 /Z'2 orbifold. 
We first consider a model independent SUSY breaking hidden sector on one boundary and generic chiral 
matter on another. Using the definition of GGM, the effects of the hidden sector are contained in a set 
of global symmetry current correlator functions and is mediated through the bulk. We find the gaugino, 
sfermion and hyperscalar mass formulas for minimal and generalised messengers in different regimes of 
a large, small and intermediate extra dimension. Then we use the 5D GGM formalism to construct 
a model in which an SU(5) ISS model is located on the hidden boundary. We weakly gauge a global 
symmetry of the ISS model and associate it with the bulk vector superfield. Compared to 4D GGM, 
there is a natural way to adjust the gaugino versus sfermion mass ratio by a factor (M£) 2 , where M is 
a characteristic mass scale of the SUSY breaking sector and £ is the length of the extra dimension. 

1 Introduction 

Meade, Seiberg and Shih Q] constructed a 4D formalism to describe in general N = 1 gauge mediated 
supersymmetry breaking (GGM) in which, by construction, the hidden sector and MSSM completely 
decouple as the MSSM gauge couplings approach zero. The formalism is valid for strongly coupled 
hidden sectors and all the supersymmetry breaking effects are encoded in a set of current correlator 
functions [51413] . The decoupling of hidden and visible sector includes a large class of SUSY breaking 
models and the formulation highlights those properties that are generic to GGM and those that are model 
dependent. A particularly popular and natural form of gauge mediated supersymmetry breaking is the 
construction of ISS [14]. In ISS, supersymmetry is broken non-perturbatively in the electric description 
and is metastable. It is a simple N = 1 SQCD model and as a result one may apply Seiberg duality to 
obtain an effective magnetic description in which supersymmetry breaking can be explored perturbatively. 
It is well known that this theory has a signature of light gauginos and heavier sfermions and this is seen 
as an unfortunate drawback. In fact a recent paper on gauge mediation [15] (see also [16]), scanned 
the parameter space of viable low energy MSSM spectra in terms of the scales Ag and As of the high 
energy theorjQ. They found that reasonable MSSM phenomenology could be obtained with an inverted 
hierarchy Ag > As and this region was far larger than for Ag < As and Ag ~ As- Intriguingly, they 
suggest that there is no lower bound on the inital value of As- Their message is clear: Scalar terms like 
the _B M term and scalar masses of the MSSM can be generated radiatively and that fermionic terms like 
gaugino masses are relatively insensitive to radiative corrections. One may wonder, is there a framework 
in which one may naturally construct this inverted hierarchy and access the full parameter space of 
GGM? The answer is gaugino mediation [17H20] . 

The gaugino mediated approach, which, in its crudest fornix, one directly couples a spurion to the 
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1 These are the effective gaugino and effective scalar masses of the high energy theory. 

2 When messengers are coupled to a spurion multiplet X = M + 9 2 F, with M 2 3> F , one may integrate out the messenger 
sector. The result is a pure gauge Lagrangian with holomorphic coupling in t(X). Expanding in 9,9, one obtains the above 
result times a coefficient function of the gauge kinetic term 12 1 1 . 
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field strength of the vector superfield: 



/ 



d 5 xd(x 5 ) / d 2 e^-W a W a + h.c. 



(i.i) 



is still gauge mediated and as a result of mediation in the bulk, this time the sfermions masses are 
suppressed and the gaugino masses dominate the soft terms. Of course a realistic model of this type is 
likely to have a messenger sector (commonly fundamental messengers of N = 1 SQCD) and we expect 
to recover a bulk version of general gauge mediation. We would like to stress that in our calculations 
(which are at leading order in g) the gaugino and sfermion masses are generated by different current 
correlators and the sfermion mass is not simply proportional to the square of the current correlator that 
generates the gaugino mass, as is implied by "Gaugino Mediation" 18,191. Applications of a 5D GGM, 
in the context of an AdS/CFT scenario have already been appreciated in the literature 22,23 . 

In this paper we construct the 5D formalism for a general gauge mediation with an S 1 /Z2 orbifold. 
In our analysis the susy breaking dynamics is confined to a 4d brane and thus the current correlators are 
exactly those of the usual GGM formalism and are independent of momentum in the 5th dimension. We 
apply the analysis of [17] in a GGM context and derive the scalar and fermion masses in terms of the 
current correlators. We briefly discuss Semi-Direct gauge mediation and then focus on the possibility of 
placing an ISS model on the hidden sector brane. 

Section[5]outlines the decomposition of the J\f = 2 Non-Abelian bulk action, under orbifold conditions 
and is given in full in appendix [X] Section [3] looks at brane localised current correlators in the general 
gauge mediation framework and computes the general gaugino, sfermion and hypermultiplet susy break- 
ing mass terms, the vacuum and Casimir energy and the semi-direct mass terms. Section 2] produces 
explicit formulas for gaugino and sfermion susy breaking mass terms for a generalised hidden sector. 
Section [5] applies our results to an explicit hidden sector model by locating the ISS model on the hidden 
brane [14] ■ In section [6] contains our conclusions. The Appendices include relevant calculations to obtain 
the main results in the paper and outlines our conventions. 

2 Framework 

In this section we recall the main features of N = 1 super Yang-Mills and hypermultiplet matter in 5d. 
Once compactified on an orbifold of S 1 /Z2, a positive parity vector multiplet couples to the boundaries 
of the orbifold and we associate this with the standard model gauge groups in the bulk. The remaining 
fields fill a negative parity chiral multiplet which we do not couple to the boundaries. Similarly we will 
outline features of the orbifold compactified hypermultiplet. A complete description is found [24], see 
also Appendix [Al 

We first focus on the pure super Yang-Mills theory. The action written in components is 



The coupling 1/gi has been rescaled inside the covariant derivative, Dm = Om + igsAia- The other fields 
are a real scalar E, an SU(2)r triplet of real auxiliary fields X a , a — 1, 2, 3 and a symplectic Majorana 
spinor Xi with i = 1, 2 which form an SU(2)r doublet. The reality condition is A 1 = e lJ CAj. Next, using 
an orbifold S 1 /Z2 the boundaries will preserve only half of the M = 2 symmetries. We choose to preserve 
€l and set — 0. We have a parity operator P of full action P and define PipL = +ipL P?Pr = — tpR 
for all fermionic fields and susy parameters. One can then group the susy variations under the positive 
parity assignments and they fill an off-shell 4d vector multiplet V(x >1 , xs). Similarly the susy variations 
of odd parity form a chiral superfield <&(a; fl , xs)- We may therefore write a 5d J\f = 1 vector multiplet as 
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a 4d vector and chiral superfield: 



V = - Bo^OAp + i6 2 6\ - i6 2 6\ + ^6 2 8 2 D (2.2) 

<S>=-^{Y. + iA 5 ) + V29 x + 2 F , (2.3) 
\/2 

where the identifications between 5d and 4d fields are 

D = (X S ~D 5 Y.) F = (X 1 +iX 2 ), (2.4) 

and we used A and x to indicate Xl and — i\f2Xn respectively. 
The bulk hypermultiplet action 



J5D 



J d 5 x[-(D M H)l(D M H i ) - itp~f M DmiP + F^Fi - gsjlty + g 5 Hj (a a X a ))H J 

+g 2 HjZ 2 H* + ig 5 ^\ l e l3 H 3 - iV2g 5 Hje ij X^] (2.5) 

decomposes into a positive and negative parity chiral superfield, PH — +H and PH C — —H c : 

H = H 1 + V2e^ L +9 2 (F 1 +DsH 2 ~g5T,H 2 ) (2.6) 
H c = Hl + V28^ R + e 2 {~Fl-D 5 Hl~gsHlY.). (2.7) 

With our conventions, the dimensions of (Hi, if>, Fi) are (§, 2, |). 

The hypermultiplets are intriguing, as in the simplest case they only couple to the branes via the 
gauge coupling g$ so they satisfy the framework of general gauge mediation. However, their soft masses 
are different from traditional brane localised matter and this might be relevant if they could play the 
role of the Higgs multiplet of the MSSM 125 26 . In this paper we will simply compute the zero mode 
masses of a generic hypermultiplet. 

In the next section we will locate a susy breaking hidden sector on one boundary of the orbifold. 
We will encode the hidden sector into a set of current correlators, and use the positive parity vector 
multiplet to generate, a gaugino mass, construct loops across the bulk to generate sfermion masses on 
the other orbifold boundary and finally construct loops to generate a mass for the zero mode of the bulk 
hypermultiplets. 



3 General Gauge Mediation for bulk and boundaries 

In this section we follow 1 and use the formalism of current correlators in a 5D orbifold 7? 1 ' 3 x S 1 /^ 
where supersymmetry is broken only on one of the two planes at the end of the interval. The gaugino and 
sfermion mass are written in terms of current correlators on the supersymmetry breaking plane. Addi- 
tionally we explore the hypermultiplet scalar and fermion masses via the same set of current correlators. 
In a supersymmetric gauge theory, global current superfields J A have the component form 

j A = j a + i9j A - Wj A - ea"ej A + ^eH^d^ - ^Pe^d^ - U 2 e 2 uj A , (3.1) 

which by definition satisfies the conditions 

D 2 J A = D 2 J A = . (3.2) 

This implies the usual current conservation on d^j A = 0. We now gauge the global symmetry and 
couple the current to the vector superfield with 

Sim = 2g 5 J d 5 xd 4 6JVS(x 5 ) = J d 5 xg 5 (JD - - f A»)5(x 5 ) (3.3) 

We may relate 4d brane localised currents as 5d currents by J$d = J4dS(xs). The vector multiplet is five 
dimensional but is written in 4 dimensions as V(x' 1 , x ) and has been coupled to the boundary fields. The 
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5d coupling, g$, has mass dimension, Dim[<?5] = — -. In this normalisation, following Eqn. ()A.19|) , the 
mass dimensions of (A^, £, Xi,X a ) are (3/2, 3/2, 2, 5/2). It follows that 5d currents that couple to these 
fields, (J M , J X i , Jx a ) have mass dimension (4,7/2,3). 5(xs) carries a mass dimension 1. We explicitly 
insert the relation for the D term and keep the auxiliary fields X 3 . The change of the effective Lagrangian 
to O(fff) is 

SC eff = -giC 1/2 (0)i\a»d^\ - gl±Ci(0)F^F^ - g!^(MB 1/2 (0)\\ + MB 1/2 (0)\X) (3.4) 
+ ±g 2 C (0)(X a ) 2 + ±glCo(0)(DrXf - < ?5 2 Co(0)( J D 5 E)X 3 

+ 5s 2 (j/)((j) 5 s)A (1 -A) + - . 

These are evaluated in the IR (Pext — 0). When using these components to construct the diagrams 
in Figure 1, one must include the full momentum dependence. The B and C functions are related to 
momentum space current correlators, found below. The last 4 terms require comment: the first three 
of these replace the D 2 term, in the last line the current correlator is found to be zero [8]. In position 
space, the current correlators can be expressed in terms of their mass dimension^ and some functions C s 
and B i , 



(J(x, x 5 )J(0, 4)) =— C (x 2 M 2 )S(x 5 )S(x' 5 ) (3.5) 

0'«(*,a*)JdM)} =-< d fl^C 1/s (i 2 M 2 p(i s ){(4) (3.6) 

{j»(x,x 5 )j v (0,x' 5 )} =(dV -d ll d v )(^C 1 {x 2 M 2 ))S{xs)S(x' s ) (3.7) 

(j a (x,x 5 )j (O,x' 5 )) =e a p-^-B 1/2 (x 2 M 2 )S(x 5 )S(x' 5 ) (3.8) 

x° 

0V(aJ, a*)J(0, x' B )) =cM 2 d fl (\)5(x s )6{x' B ) (3.9) 

M is a characteristic mass scale of the theory (e.g. the fermion mass of the SUSY breaking messenger 

multiplet). -B1/2 is a complex function, C s , s = 0, 1/2, 1, is real. When supersymmetry is unbroken 

Co = C 1/2 = Ci , and B 1/2 = . (3.10) 

Supersymmetry is restored in the UV such that 

lim C {x 2 M 2 ) = lim C 1/2 (x 2 M 2 ) = lim d{x 2 M 2 ) , and lim B 1/2 (x 2 M 2 ) = . (3.11) 

f0 a;— >0 a;— >0 a; — fO 

Cs and B are Fourier transforms of C s and B, 



MB 1/2 (|L) = J d*xe^±B 1/2 (x 2 M 2 ) 



(3.12) 



The C s and B terms are the nonzero current correlator functions of the components of the current 
superfield. The correlators have positive parity (P — +1) as they live on the wall. Using the full action 
of P, the Fourier transforms over x$ and x' 5 removes the delta functions. In this off-shell formalism 5(0) 
does not enter explicitly in the calculation (compare with [T7]). In momentum space we have, 

(J(p,ps)J(-p,p' 5 )) =C (p 2 /M 2 ) (3.13) 

0'a(p,P5)Jd(-p,p5)> = - < A P»C 1/2 (p 2 /M 2 ) (3.14) 

0m(p,P5)>(-P,p' 5 )} = - (p 2 V fn , - p^p v )Ci(p 2 /M 2 ) (3.15) 
(ia(p,P5b>(-p,P5)> =e af) MB 1/2 (p 2 /M 2 ) (3.16) 

U,(P,P 5 )J(-P;P' 5 )) ^cM 2 ^^ (3.17) 



5 Renormalised operators of conserved currents receive no rescalings Zj = 1 and no anomalous dimension ~fj = 
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We see that the current correlators are completely independent of the momentum in the fifth dimension. 
The analysis of [8] demonstrates that c = in the last equation. 

3.1 Gaugino masses 

At g 2 order the susy breaking contribution to the gaugino mass can be read directly from the Lagrangian 
H3.4|) after rescaling A so as to canonically normalise the bulk action (|A.19|) : 



This result replaces the result Eqn. fll.ip . and in particular is correct even when F is not smaller than 
M 2 or when there are multiplet messenger scales (see appendix B.2 [27]). These terms are of Majorana 
type and couple every Kaluza-Klein mode with every other mode with the same coefficient. In addition 
we have the usual Kaluza-Klein tower of masses (pg = ^f) which are of Dirac type and mix A^ and 
A* The mass eigenstates will be in general a linear combination involving different Kaluza-Klein modes. 
This is similar in vein to the "see-saw" mechanism and for large £ the lowest mass eigenstate can become 
very light. This highlights that for bulk mediation, the scale Ag is not a good scale and must be replaced 
by the lightest gaugino mass eigenvalue. We comment on three regimes: 

Small I When the scale of the extra dimension l/£ is much bigger than the scales y/F and M then we 
return to an effective 4d theory and the zero mode mass is given by H3.18J) . 

Intermediate £ When F < l/£ 2 < M 2 the susy breaking mass M™ n is of order F/M and the K.K. 
mass is much bigger because F/M < (l/M)(l/£ 2 ) <C l/£. In this case the gaugino mass is still 
given by (|3.18p and Ag is a good scale. 

Large £ When l/£ 2 « F, then one must be careful and see how F and M scale. For instance if F ~ M/t, 
which is possible in this regime, then there is a sizeble mixing between the various K.K. modes and 
the first mass eigenstate is lighter than M" m . If M™ m 2> l/£ the lightest gaugino eigenstate can 
have a much lower mass than M" m due to mixing with the tower of K.K. modes. In this case Ag 
is not a good scale. 

3.2 Sfermion masses 

The sfermion masses can be determined in terms of the C s current correlator functions and propagation 
of the vector multiplet in the bulk. This corresponds to the 8 diagrams in figure [1] The "blobs" are 
current correlators located on the hidden brane. The scalar lines are located on the visible brane. The 
intermediate propagators are the bulk fields and are components of the vector multiplet in the bulk. The 
full momentum dependence of the current correlators must be taken into account as they form a part of 
a loop on the scalar propagator. The first diagram is the dominant contribution in standard "Gaugino 
Mediation" [15]. The full set of diagrams are accounted for in [17] including the two vanishing diagrams 
associated with (j^J) (see also [8]). The top right most diagram contributes nothing to the mass due 
to transversality, when taking the external momentum to zero. The middle row has an auxiliary field 
X 3 which cannot propagate across the bulk so its diagrams vanish and only the middle one of that 
row survives. In conclusion, when computing the soft mass terms, only the first two diagrams and the 
middle diagram of the middle row survive. They are the final "supertraced" combination with the same 
structure as in the 4D case. 

To compute the three diagrams we need the propagator of a free massless bulk field 



NIT =glMB 1/2 {Q) . 



(3.18) 




(3.19) 



where 




(3.20) 
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Key : 

Ferrnion Scalar Gaugino Gauge X 3 E 

— ^ ^V\7 / W = = 



Figure 1: The graphical description of the two point functions to the soft sfermion masses. In the top row, 
the first diagram is from (j a j&) and the second and third are from (j^ju). The middle row are all separately 
related to (J J), only the middle diagram survives propagation across the bulk. The final row is constructed 
from couplings to {Jjn) and are exactly equal to zero [5]. 



with summed over the values irn/£, n = integer. We propagate from x 5 = to y 5 = £. The exponents 
of the 5th dimension, in brackets, for two propagators will reduce to 

4(-l) n+ft . (3.21) 

In particular, this factor encodes the finite separation of the branes and will allow for a convergent 
finite answer for the soft mass. It should also be noted neither brane (current correlator) conserves the 
incoming to outgoing ps momenta. All vertex couplings can be determined by expanding out a canonical 
Kafiler potential for a chiral superfield, which can be seen by example in Appendix [Bl 

We would like to factor out all the extra dimensional contributions to the sfermions so that it leaves 
the GGM result multiplied by higher dimensional contributions. We find 

™} = ^29t(5dMf;r)E r (3.22) 



where 

E r 



— i E l XI n2 _ P l )2 ^i'V/M 2 ) - 4C« (//M 2 ) + C^V/M 2 )], (3.23) 



(2tt) 4 I 2 ^p 2 - (p 5 ) 2 P 2 - (p 5 ) 



n .n 



where we used the regularisation of the K.K. sum described in Eq.(29) of [T7]. r = 1, 2, 3. refer to the gauge 
groups (7(1), SU(2), SU(3). C2(/; r) is the quadratic Casimir for the representation of / under the gauge 
group r. We have followed the convention of P3] by using E, reserving A for A-terms. The numerical 
coefficient in front of the C s terms in Eqn. (|3.23p are essentially set by taking an index contraction of 
the current correlators Eqn. (|3.13[) to Eqn. (|3.15[1 . We use Matsubara frequency summation to identify 

1^ 1 _ f dk 5 2e lkr - e 1 _ 1 1 

1 ' k 2 + (k 5 ) 2 ~ J "2V e 2ik5t -lk 2 + (k 5 ) 2 ~ k sinh kl ' ( ' ' 



G 



We obtain 



E r — 



d 4 P 



(27r) 4< -psinhp^ 



) 2 p 2 [3C[ r \p 2 /M 2 ) - 4C[%(p 2 /M 2 ) + C<j r V/M 2 )] 



(3.25) 



All that is left is to evaluate the particular E r terms, which we will carry out for generalised messengers. 
In the limit I — ¥ 0, we have 

1 1 1 
k sinh U ~* ~W 

and we recover the 4d GGM answer Q]. 



(3.26) 



3.3 Hypermultiplet scalar masses 

The supersymmetry breaking masses of the bulk hypermultiplet scalars and hypermultiplet fermions can 
also be computed in the gauge mediation setup and couple to the hidden brane exclusively via 175, when 
using the action Eqn. (|2.5[) . The diagrams for the scalars are similar to those of Figure 1, but include an 
additional contribution with a bulk propagator, indicated with the ® symbol, coupling the positive parity 
gaugino to the negative parity bulk fermion 



d 4 k 1 



(2tt) 4 21 ^ k 2 - k\ 



ik^tafi „-ik.(x-y) f e ik 5 .(x 5 -y 5 ) _j_ p e -ik 5 .(x 5 +y s )\ 



(3.27) 



A similiarly constructed propagator can be written in the sin^a^) and cos^xs) basis for the 5D wave- 
function. 





Figure 2: The graphical description of the two point functions to the hypermultiplet scalar masses. Unlike 
the sfermion diagrams, the scalar field propagator does not lie on a brane; the position of the vertex point 
must be integrated over for both external sewing points when computing the diagrams. The parity of the 
external bulk scalar legs must also be specified. 



To compute the diagrams: The current correlators (blobs) are brane localised, however the vertices 
joining the vector fields to the hyperscalar must be integrated over all of y$. One must also specify the 
5d wavefunction (ps momenta) of the external hyperscalar legs using 



_L (e* 2 ?^ + p e ~ i! Tyz) (forn/0), (for n = 0) 

v2? V* 



(3.28) 



at the sewing point ys, which is then integrated over. The second diagram does not contribute to the 
mass due to transversality. The rectangle in the final diagram represents that the diagram is completely 
localised on the hidden sector brane, including the vertices that couple to the external hyperscalar legs. 
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We will focus on the zero mode mass (moHoHo) 

m «o = ^9t{5d)C2{f\r)D r (3.29) 

r 

where 

Dr = ~I (2^^ B^T^) 2 ^'''^/^ 2 ) - <» (p 2 /M 2 ) + W/M*)]. (3.30) 



D r = 



-/ ^ ^h M +gcSC^(^) [3 ^,, (p2/M2) _ ^ (p2/M2) + d ir )(p2/M2)] (3 _ 313 



The momentum integral is UV divergent. Physically this is to be expected as the hypermultiplet is 
not brane localised and so unlike the sfermion masses there is no brane separation to suppress large 
momenta contributions. We can extract the £ dependent susy breaking mass r [28]. We take D r = 
Ip r + independent of £ where 

^ = _j _0_ coth( P Q + y (pQ - 1 [3d[ r )(p2/M2) _ 4 ^) (//M 2 ) + C^\p 2 /M 2 )] (3.32) 

Both in the case of bulk scalars and in the previous section on brane-localised scalars, we focused just 
on the case of external states at zero momentum. It would be interesting relax this condition and study, 
in a GGM setup, higher derivative operators by following the analysis of [29ll30j . 



3.4 Vacuum Energy 

The propagation of supersymmetry in the bulk produces a non zero vacuum energy. The computation 
of the vacuum diagrams at the order 0(g 2 ) is similar to the scalar masses in the previous sections. 
Similarly to the computation of the hypermultiplet scalar masses, the diagram with X 3 and that with 
-D5E combine and yield a contribution proportional to p 2 Co- By including all other diagrams we obtain 

E Vac /V 4d = \g\d G J ^yt & 2{pt) [ ^ ){p2/M2) ~ ^i'Mp 2 /M 2 ) + C ( ;\p 2 /M 2 )]. (3.33) 

do is the dimension of the adjoint representation of the gauge group r. The vacuum energy is also UV 
divergent. The Casimir energy is the component of the vacuum energy where the bulk propagation winds 
x 5 . This, in general, will contribute to the determination of the physical value of £, along with other 
supergravity corrections. The Casimir energy is given by 

if = J ^YeJ-l [ ^ ){p2/M2) ~ 2 IM 2 ) + Ct\p 2 IM 2 )\. (3.34) 

3.5 Semi-Direct Gauge Mediation via the bulk 

In [9] semi-direct gauge mediation in a 4<f setup is explored using current correlators. In this section we 
comment on the semi-direct case in our 5d setup with two 4d Branes and a 5d bulk. One brane is the 
MSSM brane, described by some generic chiral matter, charged under the visible gauge group G v , which 
lives in the 5d bulk. The other brane is a SUSY breaking brane. The messenger fields are located on 
this brane and are charged under both G v and a brane localised gauge group Gh- The messengers do 
not participate directly in the susy breaking dynamics, however they couple to the brane localised susy 
breaking sector via gauge interactions with gauge group Gh and by construction the messengers and susy 
breaking sector decouple as gh — > 0. 

The Gaugino masses vanish at leading order (three loops) precisely because of the argument of [5]. 
The sfermion masses in a flat bulk are found to be 



m ) = Y.9% i d )9%f2{f-,r)E r (3.35) 
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where 

* = + I WfT* S ^-C) 2 ?- (feT^ ^ - 4(? > 2/M2) + ^V/^)]- (3-36) 

m is the mass of the messengers. K s (p 2 /m 2 ) are the kernels, which in principle could be different for 
each of s — 0, 1/2, 1. In [5], it was checked that Ko — K^ii = ifi, so we will ignore this supscript index. 

As a final comment, one motivation for GGM5D is that it makes the partitioning of the hidden and 
visible sector a geometric feature. One may be motivated to make semi-direct mediation a geometric 
feature too by placing the SUSY breaking sector X, the messengers (j>, <fy and the MSSM on three distinct 
branes. It would be interesting to study explicitly if it is possible to realise such a possibility in a concrete 
model. 



4 Generalised Messenger sector 



In this section we give a concrete description of the 4-dimensional susy breaking brane and consider two 
sets of chiral messenger 4>i, 4>i coupled to a spurion field X. We follow [31] and extend the usual setup of 
a generalised messenger sector to the case where the gauge multiplet propagates in a 5d orbifold. 

The superpotential describing the coupling of the messengers and the spurion is identical to that 
considered in [31] and is localised in the fifth dimension on the susy breaking brane 

= M(X)ij 4>i%j = (m + XX)ij <t>i4>j (4.1) 

where m and A are generic matrices. We assume that all chiral fields have canonical kinetic term and so, 
after a field redefinition, we can take M — m + {X)X to be diagonal with real eigenvalues mot, where, 
as usual, (X) is the vev of the scalar component of the spurion superfield X = (X) + 9 2 F. Further, we 
take FA to be hermitian and by using unitary matrices one may diagonalise the bosonic mass-squared 
matrix 

M± = Ul(M 2 ±F\)U± (4.2) 
Such that M± has real eigenvalues m\ k . We define two mixing matrices: 

AL = (Ul) kn (U±U Bt = (UlU^ kn (U^U ± ) nk (4.3) 
The calculations are carried out explicitly in section [B] in this section we simply display the results. 

4.1 Gaugino masses 

As we have seen in the previous section, the Majorana gaugino mass matrix of the 5d model couples every 
Kaluza-Klein mode to every other with the same coefficient and this contribution is captured in (|3.18|) . 
In this case we can compute explicitly the correlator determining MB 1 / 2 by using (|B.4[) 

M = g *MB 1/2 (°) = f A G , A G .2^±4„ At ^M^f^Zfcffi. (4.4) 

k, n are messenger indices running from 1 to N, the number of messengers, while dtn is nonzero and 
equal to d k or d n only if <f) n and (f> k are in the same representation. In the full mass matrix one 
must take into account the Dirac masses of the Kaluza-Klein tower itself. However, the susy breaking 
contribution Eqn. (|4.4|l is identical to the purely 4-dimensional case and it is possible to follow |31] for 
various case by case simplifications. For instance, when F M 2 , to lowest order in F/M 2 and for 
SU(N) fundamentals one finds 

N FX 

A G = V P- = Fdx log detM (4.5) 

fc=i k 

which is a familiar 4d result. 
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Figure 3: A plot of the function h{x) between x = and x = 1. 
4.2 Sfermion masses 

The sfermion masses are sensitive to the extra dimension I. In the small I limit the 4d results are 
recovered and this is fully explored in [31j . 

4.2.1 Large I 

When l/l 2 is smaller than the scales F and X 2 the sfermions masses can be written as 



4= 2 E^(£) Al (4.6) 
C~ are the quadratic Casimirs of / in the gauge group r. The sfermion scale A% i^f| 
A s = E~^rE d '=™ ^ B knl 2 2m±fc 2 lQ g m ±fc ~ !] + <Wlogm| fc mo fc ] 

[m± fc logm± fc - mo„ logmo„ - 1] (4.7) 



^■^■kn IY 2 2 w 2 . 2 s n 2 2, 

[(m ±fe - m 0n )(m ±fe + m 0n ) - 2m ±t m „ log 



( m ±k - m L) 

We may reduce to minimal gauge mediation [32] by setting m = in equation (I4.1|l 

A| = (|) 2 (^) 2 £ C(3R fc /^ fc ) (4.8) 



** = A^ (4 ' 9) 

h(a!) = i ^ + x-ac 3 log(1 + k) + j_j + {x ^ _ x) (410) 

for x < 0.8 can be reasonably approximated by h(x) = 1 and Afc are the eigenvalues of A in 1)4.11) . 
The limit of small multi-messenger mixing effects gives 

N F 2 \ 2 / FX \ 



J See Appendix FBI for its derivation. 
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In the h(x) = 1 limit, and small multi messenger mixing, we would like to derive the analog sfermion 
formula found in [33]. The additional \£ 2 Mi\ 2 factors cannot be taken inside such that we find 

^- <J ?±M?eAp^ M ' iy (412) 

i — 1 

Where Mi are in this case the complex eigenvalues of M. 
4.2.2 Intermediate I 

In the intermediate limit that F < l/£ 2 -C M 2 , the large £ results are still valid and h{x) = 1. Reducing 
to minimal gauge mediation (W = we find 

1 ?F 2 N 

The limit of small multi-messenger mixing effects gives 

i Ji -)F 2 \ 2 
fc=l v k > 

A 2 

Finally we comment on the ratio In "(Extra) Ordinary Gauge Mediation" [331 . this quantity is 

A s 



A 

defined as N e ff and it may vary continously between and N, the number of messengers. This definition 
is peculiar to the 4d models; we may easily have A| — > and N e ff — > oo in this 5D construction. To 
avoid confusion we will refer to it as a ratio and not as N e ff. 

4.3 Hyperscalar zero mode mass 

The positive parity scalar of the hypermultiplet have a susy breaking mass term. In this paper we 
compute only the zero mode scalar. We may use the same expansions of the function in square brackets 
(Appendix lB.l[) we used for the sfermion masses. In general we can define 

m 2 „ =2]T^ (g) 2 A 2 Ho . (4.15) 

r=l 

C T H is the Casimir of the representation r of the positive parity hypermultiplet H. We now look at the 
various limits. 

4.3.1 Small £ 

In the small £ limit we start with Eqn. (|3.30p and truncating the tower we find 



D r = 



"/ ^^[SCrV/M 2 ) - 4(5" (p 2 /M 2 ) + C£V/M 3 )]. (4.16) 



This is exactly the 4d result for sfermion masses found in pQ. We may use all the generalised messenger 
results of [31j . with the identification 

Ah = A| (4d) (4.17) 

where A|( 4d j is the 4d result found in [31j . 
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4.3.2 Large i 

When l/£ 2 is smaller than the scales F and X 2 we may start from Eqn. (|3.32[) . We know that the 
function in square brackets is independent of p and can be found in appendix IB. 11 so we may evaluate 
the p dependent integral independently. The result is 

A| = ~A| (4.18) 

A| is written explicitly in the previous subsection. The intermediate I limit can be found by setting 
h(x) — 1. The zero mode fermions of the hypermultiplet receive no susy breaking mass corrections at 
order g% d . 

4.4 Casmir Energy 

The Casimir energy can be computed for the generalised messenger sector just as for the sfermion and 
hyperscalar zero mode mass by using the results of appendix [B] In particular using Eqn. (|3.34[) and 
restricting to the case of minimal gauge mediation and for a single set of fundamental messengers we 
find 

IWV« = -rf^^(«). (4.19) 
This result reproduces exactly the result of [T7] . 



5 ISS on the brane 



In this section we turn to an explicit application of 5D general gauge mediation. We construct a scenario 
in which the ISS model [14U34] is located on the hidden brane. We choose to explore supersymmetry 
perturbatively in the macroscopic (magnetic) variables. We have an M = 1 SQCD with magnetic gauge 
group SU(N) and Nf flavours. We weakly gauge a global symmetry and associate this with the bulk 
gauge field. The superpotential is 

Wiss = hTr<p$ip - hTr[/i 2 ®] + [Deformations] (5.1) 

The magnetic meson $ is a gauge singlet and an adjoint of the flavour grourjf). The magnetic quarks tp 
and Cp are fundamental (antifundamental) of the gauge group and antifundamental (fundamental) of the 
flavour group, respectively. Supersymmetry is broken by rank condition when Nf > N, as only the first 
iV F terms of $ can be set to zero. Following the model explored in |35H38j , the matrix fi is explicitly 
broken 



2 

Mas 



m In 







/U Izv F -iv 
with jj, < m, and additionally we include the deformation 

SW = h 2 m z TrZZ. 



(5.2) 



(5.3) 

As mentioned mentioned more fully in [35H38] . this deformation explicitly breaks R-symmetry thus 
allowing gaugino masses. The final unbroken vacuum symmetry groups and matter content is 



Field 



SU(N) D 



SU(Nf - N) f 



$ = 



Y N 



'Nx(Nf-N) 



if = 



<P = 



Xnxn 

PNf-NxN , 

J / NfxN 

Xjvxjv 



PNxN f -N 



Adj + 1 □ 

□ 1 

Adj + 1 

□ 

Adj + 1 

□ 



1 □ 
□ Adj + 1 

1 

□ 
1 
□ 



3 This <E> should not be confused with the bulk <J> used in Eqn. 112.31 1. 
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The superpotential is 



W = hTr(xYx + pZ X + xZp + pXp) - h m TrY - h 2 p 2 TrX + h 2 m z TrZZ. (5.4) 

Next, we choose to weakly gauge either of the flavour symmetry groups SU(N)f or SU(Nf — N)f and 
associate it with the gauge group in the bulk. For instance one may choose an 5(7(5) standard model 
"parent" gauge group. We take these fields to have a canonical Kahler potential and all the matter on 
the MSSM brane to have a canonical Kahler potential coupled to this bulk gauge superfield. Classically 
the potential is 

Viss = (N f -N)\h 2 n% (5.5) 
The field X is a classical modulus and its vacuum expectation value, Xo is found by minimising 

Vrotai = V ISS + Vcw (5.6) 
where Vcw is the corresponding Coleman- Weinberg potential 

1 1VT 2 1 m 2 m 2 

VCW = 64^ STYM4L ° g A 2 " = o4^ (Trm4sL ° S A 2 ^ ~ TrmfTog-^). (5.7) 



We find 

1 »,4 r.2 / r, 2 9 v 2 

X = (X) = hm„ M x = TTTirT ( _35 f° 

2 12^ 2 tt 2 y -jq-AV /i 2 

where we have expanded to first order in h, m z and in fi/p, up to first non- vanishing order |38j . We have 
supressed factors of N(Nf — N) in the expression for M\ coming from tracing over degenerate mass 
eigenavalues. 

5.1 Large I mediation 

The susy breaking contribution to the gaugino masses are 

d x Mi 



™a = JZ A g = j-F x "£—- (5-9) 



_ nn 

where Mi are the eigenvalues of the fermion mass matrix of messengers derivable from Eqn. (|5.4[l and 
computed in [36,38 . The messenger sector is dominantly (p,Z) in both embeddings of the standard 
model and we find the susy breaking mass to be 

Nh 2 p 2 m z 

Ag = T~2 Ty^ v 5 - 10 

(m 2 — hXurriz) 

As we have highlighted throughout, the mass eigenstates must be found after inclusion of the K.K. 
masses, to the mass matrix. The sfermion masses can be found, using the results of the previous section, 
from 

m) = 2C;(^) 2 A| (5.11) 

with 

a 2 _ iVC(3) dx M 2 

i 1 

We find 

2 _ ((3)Np 4 [2m 6 + 2h 3 m 2 m z (3hrn z - 2X) + h 4 m 4 z (-hm z + X ) 2 + m 4 {9h 2 m 2 z + 2hm z X +X$)] 

3 ~ P (m 2 - hm z X ) 4 (4rn 2 + (X - hm z ) 2 ) 

(5.13) 

Which is non-zero but highly suppressed. 
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5.2 Intermediate £ mediation 

In the intermediate range that F < l/£ 2 <C M 2 the vacuum energy is given by Eqn. (|4.19[) . with h(x) 
This time, however, the zero mode gaugino mass can be approximated by Eqn. (|5.9[) : 



o Nah 2 fi 2 m z 
m " = 4n(m*-hX m,y ^ 

and there is no problem of K.K. mixing. The sfermion masses are still given by Eqn. (|5,12[) . As a 
first approximation, one may ignore this contribution to sfermion masses entirely. One then lets the 
renormalisation group flow at the high scale down to the low scale generate sufficiently heavy sfermions 
to avoid current bounds. 



6 Conclusion and Discussion 

We have computed bulk gauge mediated supersymmetry breaking of M = 1 supersymmetry from a 
hidden to a visible brane, using the current correlator techniques of pQ. We obtained analytic results for 
both semi-direct and direct coupling of the messengers and susy breaking sector, located on a hidden 
brane. We then used the ISS model 14 a as an explicit example of a brane localised hidden sector that can 
be accurately described by this formalism. In particular we would like to highlight that our formalism 
was off-shell and naturally included otherwise difficult S(xs) terms. Typically a small extra dimension I 
returns this model to the effective 4d "General Gauge Mediation" . So for "Gaugino Mediation" to play 
a role I should be large compared to the mass scale of the susy breaking theory. We found that the susy 
breaking gaugino masses mix with the Kaluza-Klein masses when the two mass scales are comparable 
(i.e. for 1/i 2 smaller than F,AI 2 ), resulting in a light gaugino zero mode. To circumvent this one must 
choose the susy breaking Majorana mass to be at least of order 10 times larger than the n = 1 K.K. 
mass. We therefore exploit and highlight an intermediate regime in which F < l/£ 2 <C M 2 . In this case 
the zero mode gaugino is mostly the susy breaking Majorana contribution and the sfermions are still 
suppressed. 

A preliminary analysis of a latticised construction of general gauge mediation following the lines 
of |20II39] , has been carried out and it replicates the characteristic features of the GGM5D soft terms 
found in this paper. This also confirms results found in [20] . 

Finally, we would like to point out that a full scan of the 5D GGM parameter space is also worthwhile, 
especially as we have shown that Ac is not a good scale in all parts of the parameter space and so does 
not coincide with the 4D scans [15 , 16 . 

Acknowledgments We would like to thank Steven Thomas, Daniel Koschade, Daniel C. Thompson, 
Diego Marques and Mathew J. Dolan for useful discussions. This work is partially supported by STFC 
under the Rolling Grant ST/G000565/1. MM is funded by STFC. 



A Non-Abelian Bulk Action 

This appendix reviews the M = 1 5D Non-Abelian bulk action. This corresponds to N = 2 in the 4D 
perspective. We compactify on an orbifold, S /Z2, such the pure super- Yang- Mills becomes a M = 1 
positive parity vector multiplet and negative parity chiral multiplet. This review is closely based on 

nun. 

Starting with the M = 1 pure super- Yang- Mills in components 



S S ™ = I d*x Tr 



-\{F M n) 2 - {D M S) 2 - i* i ~f u D M \ i + (X a f + g 5 A*[£, A 1 ] 



(A.l) 



M, N run over 0, 1, 2, 3, 4, while n, v run over 0, 1, 2, 3. Our conventions on the gauge group generators 
and the metric are Tr(T^T B ) = \5 AB and t)mn = diag(— 1, 1, 1, 1, 1). The coupling 1/g 2 has been 
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rescaled inside the covariant derivative, Dm = <9m + igsAni, where Am is a standard gauge vector field 
and Fmn its field strength. The other fields are a real scalar E, an SU(2) R triplet of real auxiliary fields 
X a , a — 1, 2, 3 and a symplectic Majorana spinor Xi with i = 1,2 which form an SU(2) R doublet. The 
reality condition is 

A 1 = e lJ CAj (A.2) 

where e 12 = 1 and C is the 5d charge conjugation matrix C~j M C~ x = (j M ) T . An explicit realisation of 
the Clifford algebra {7^,7^} = -2r) MN is 

•"--((A t)'(o :))--°-("r ,°0' M 

where <T^ d = (1, a) and o- MClc * = (1, —a), a, a are spinor indices of SL(2, C). This action is supersymmetric 
under the susy transformations 

S e A M = ieij M y (A.4) 

5 £ E = ie i X i (A.5) 

5 e A ! = (n MN F MN -J'DuZy -i(XV)V (A.6) 

<5 E X a = Eii^y^DM^ - igBl^H^Tj^] ( A -7) 

with 7 Miv = |[7 M j7 JV ]- The symplectic Majorana spinor supersymmetry parameter is e 4 = q7°. 
To clarify notation we temporarily display all labels, writing the Dirac spinor in two component form 
ij) %T — (ipa 1 , V) flc ") an d V>i = (ipi, The bar on the two component spinor denotes the complex 

conjugate representation of 5*1/(2, C). In particular, the reality condition ()A.2[) implies that 

»'-(»)■ A * = (-5)' <v -(£)' <« r -(£ f )- <"> 

so the SU(2) R index on a two component spinor is a redundant label. 

Next, using an orbifold S 1 /^ the boundaries will preserve only half of the AT = 2 symmetries. We 
choose to preserve 6l and set e R = 0. The conjugate representations are constrained by the reality 
condition Eqn. (|A.2[) . The susy transformations are 

8, L A" = Hl^Xl + ie L a"X L (A.9) 

S eL A 5 = -e L \ R -e L X R (A.10) 

<5 Ei E = HlX r — ieL^R (A. 11) 

8 CL \ L = a^F^eL-iD 5 Ee L +iX 3 e L (A.12) 

S, L X R = ia f *F 5fl 6 L ~a ,1 D^i L +i(X 1 +iX 2 )e L (A.13) 

5 eL (X 1 + iX 2 ) = 2e L a'"D^X R -2ie L DsX L +ig 5 [E,2i L X L ] (A.14) 

+ips[E, (e L X R + e L X R )} , (A. 15) 

where <r MI/ = -^(a^a" — cr l '(T M ). We have a parity operator P of full action P and define PipL = +ipL 
P^>r = —tpR for all fermionic fields and susy parameter^]. One can group the susy variations under the 
parity assignment and it becomes clear that the even parity susy variations are those of an off-shell 4d 
vector multiplet V(xs). Similarly the susy variations of odd parity form a chiral superfield &(xs). We 
may therefore write a 5d N — 1 vector multiplet as a 4d vector multiplet and a chiral superfield: 

v = - Bo^ba^ + ie 2 ex - ie 2 ex + ^e 2 e 2 D (A.16) 

<S> =-^{X + iA 5 ) + \/26 x + 2 F , (A.17) 
v2 



5 The assignment Pd$ = —85 is also required. 
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where the identifications between 5d and 4d fields are 

D = (X 3 -D 5 Y.) F = (X 1 +iX 2 ), (A.18) 

and we used A and % to indicate Xl and — iV2\ R respectively. The Non-Abelian bulk action in Af = 1 
4D formalism is 

S§ YM = j d^j-Tr / d 2 6W a W a + J d 2 6WaW A +7^2 f d 4 6»Tr [e- 2ff5V V 5 e 29BV ] 2 | . (A.19) 
V5 is a "covariant" derivative with the respect to the field $ |24| : 

V 5 e 2s5V = ^e 23 ^ - ffs^e 2 ^ - g 5 e 2 ^ v ^>. (A.20) 
Let us now focus on 5d hypermultiplets. The bulk supersymmetric action is 

S^ D = J d 5 x[~(D M H)l(D M W) - i^ M D M *p + F^Fi - grflty + g 5 H}{a a X a ))W 

+g'iHjE 2 H' + ig 5 V2^\ l e l3 W - iVlgsH^e^X^]. (A.21) 



Hi are an SU(2)r doublet of scalars. ip is a Dirac fermion and Fi are a doublet of scalars. With our 

'3 9 5l 
,2' ' 2 > 



conventions, the dimensions of (Hi,ip,Fi) are (|,2, §). In general the hypermultiplet matter will be 



in a representation of the gauge group with Dynkin index defined by d8 ab = Tr[T a T 6 ]. The action is 
supersymmetric under the susy transformations 

S e W = -V^e^ejtp (A.22) 
5^ = ig s y/&f U DuH i e ij <? - g^EWe^ +V2F i e i (A.23) 
5 € F, = iV2ea M D M i} + gsV2e l Y;>iP-2ig 5 i l \ : >e jk H k . (A.24) 

To obtain the M = 1 sets due to the boundaries preserving only half the supersymmetry, we again choose 
to preserve e_L and set cr = 0. The susy variations are 

8 eh H x = V2e L ^L (A.25) 

8, L H 2 = V2e L ^ R (A.26) 

S^lc = ig s V2a^D„H 2 e L P +g 5 V2D 5 B 2 e%-g s V2ZH 2 eL + V2F 1 ei (A.27) 

6 CL *p Rd * = igsV^a^D^^-gsV^DsH 1 ^ - g^ZH 1 ^ - ^2> 2 e id (A.28) 

= i^tAS^D^p - y/S&Drf** + geV2e^ R& ~ 2ig 5 eV X R&j e jk H k (A.29) 

8 CL F 2 = -iy/z^ff^D^ -^/i^Ds^ - 9 sV2e La ^t + 2ig 5 e La X La] e jk H k . (A.30) 

In the 4d superfield formulation, we again use the parity of the PipL ~ +it>L and PipR = —ipn to 
group the susy transformations into a positive and negative parity chiral superfields, PH = +H and 
PH C = -H°: 

H = H 1 + V28ip L +9 2 (F 1 +D 5 H2-g 5 ZH 2 ) (A.31) 
H c = Hl + V26i> R + e 2 {-Fl-D 5 Hl-g 5 H\T,). (A.32) 

The gauge transformations are H — > e~ A H and H c — > H c e A . The A/" = 1 action in 4d language is 

Ssd = J d 5 x(j d 4 9[H^e 235V H + H c e- 235V H^] + J d 2 6H c V 5 H + J d 2 6H c W 5 H t ) . (A.33) 
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B Generalised messenger sector in 5D with an orbifold 

This section extends the results of [31] to the case of bulk propagation in 5D with an orbifold. We keep 
as close as possible to the notation of [3T|. We consider a messenger sector 4>i,4>i coupled to a SUSY 
breaking spurion X: 

W = M{X)ij 4>^>i = (m + XX)ij fcfa (B.l) 

m and A are generic matrices. The messengers are in a representation of the gauge group with a Dynkin 
index d, defined by d5 ab = Tr[T a T b ]. The fundamental messengers on the SUSY breaking brane will 
couple to the bulk vector superfield as 



SC = / dTOd 



+ drow + c.c. 



(B.2) 



We can extract the multiplet of currents from the kinetic terms in the above Lagrangian. We find 
J a = J a + iOf - i9f - 0a»Ofi + ^9090* drf* - -999^8 ~f - ^9969a.J a 



(B.3) 



where 



J a 

• a 



tV2 (4T a ^ - ?jT>i) 
T = *^2 ($ i T a ct> i - ^,T%^j 

{^ l G li T a ^ - V^rV,) - * (j>\T a d^ - d^lT a fr - $T a d^i + d l $T a fy (B.4) 



J fj. 



(repeated indices are summed) 
Co = 2dk„Bkn J 



d 4 q 



Ci = 



(2tt) 4 (? 2 + (m+) 2 )((p + Q) 2 + (m^) 2 ) 
d 4 q 



p-q 



E 



2d k 



d 4 q 
3p 2 J (2tt) 4 



4 ((p + g) 2 + (m±)2)( 9 2 + (m0)2) 
(p + g) ■ (p + 2g) 



(B.5) 
(B.6) 



E 



(9 2 + «) 2 )((P + <?) 2 + (mf ) 2 ) g 2 + (m±) 2 

0\2 



+ - 



4g- (p + g) + 8(m£) 



MB 1 



/2 



(? 2 + K) 2 )((p + g) 2 + (m° fe ) 2 ) 
h ^ kn J (2^(g 2 + (m±) 2 )((p + 



The C a may be written as 



Co 
-4C 1/2 

3Ci 



2d kn B£ n Gi {rat, m n ) 

k,n 

-E 4d *™E^ [(Go(mJ)-G «)) + Gi(mf,m°) 



± 



^ dknSkn [4(Go(m^) - Go(mfe)) + Gi(m k ,m k ) 



(B.7) 
(B.8) 

(B.9) 
(B.10) 

(B.ll) 



+2Gi(m^m^)+4(m±) 2 ^Gi(m*,m±)-4(m^) 2 ^Gi(m^m^) 
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All the terms proportional to Go in (|B.10|) vanish due to the messenger supertrace formula. The G 
functions are 

. ,/L 

Tj 4 p 2 + ?T> 2 

, 

Gi(mi, JT12) 



7 (2tt) 4 p 2 + ; 
7 (2^) 4 



1 



(g 2 + m 2 )((p + g) 2 +m 2 



(B.12) 
(B.13) 



We then define the function b(k ,m 1 ,m 2 ) by 



Gi(toi, m,2) = 



d4 1 1 1 1 I 1 ,/ 2 2 2\ . \l 

t^i^ - ; — 27 — ; — — 2 = tt^I _ ~t~ & (p +0 £ 

{2TT) i q 2 +rn((p + q) 2 + m% (4ir) 2 1 e 1 



(B.14) 



for d = 4 — e. We can write b more explicitly as 

b(p 2 ,m 2 ,m 2 ) — I dx log — x)p 2 + im? + (1 
"(A + Bi)(A + B2) 



£c)m 2 ) 



.4 log 



+ B 2 log m 2 + Bi log ma - 2 



where 



and 



4 , n 2/ 2, 2\ , / 2 2\2 n V 2 

p + 2p (ni! + m 2 ) + (mi - m 2 ) 



4p 4 



Si = 



p 2 + m 2 — m 2 



B2 = 



p 2 + m 2 — m 2 



(B.15) 



(B.16) 



(B.17) 



2p 2 ' 2p 2 

As the divergent terms will cancel we can ignore the Euler 7 term and e and focus on the b functions. 
We can rewrite the integral as 



Gi(mi,m 2 ) = --^ip-6(p 2 ,m 2 ,m 2 ) +p(e,7) 



(B.18) 



Where we can safely ignore the functions g(e, 7) as they will cancel. Putting this together we can write 



[3Gi - 4C V2 + Go] = -[^2d fen S+„&(p : 



2 +2 -1 



+ ^4d ftn ^Afe n [6(p 2 ,m^ 2 ,m° 2 ) + -^((m^) 2 - (m° ) 2 )6(p 2 , 2 , m" 2 ) 



P~ 

We may construct a dictionary of 



^ dfcn(5fcn ^[6(p 2 , m* 2 , m^ 2 ) + 2&(p 2 , mf, m° 2 ) 

A; ,n i 

+ 4 ^2"( m fe ) 2fe (p 2 ' m fe 2 ' m fc 2 ) ~ 4-!-(m2) 2 6(p 2 ,mfe 2 ,mf ) 



(B.19) 



[SCrV/AO - 4G« (p 2 /M 2 ) + G^(p 2 /Af 2 )] = ^ 



c^ 2 , 



(B.20) 



expressions depending on the hidden sector, such that they may be used both in 4d and various 5d 
models. The factors of two and tv on the right hand side can simply be taken out to convert g 2 — > a 
when going from Eqn. (|3.25[) to Eqn. (|4.6[) We now need to find limits of the b function, which we outline 
in the next subsection. 

The Majorana gaugino mass matrix couples every Kaluza-Klein mode to every other mode with the 
same coefficient. Each entry can be determined by use of the b function and is given as 



M~ a = g 2 MB 1/2 (0) = ^-A G , A G = 2 ]T ± d Un At 



o(m±) 2 log((r<)7(m«r) 



fc ,„=i ± KJ 2 -(™£) 2 



k, n are messenger indices running from 1 to N, the number of messengers, while dkn is nonzero and 
equal to dk or d„ only if (/>„ and (j>k are in the same representation. To find the mass eigenstates, one 
must include the Dirac masses resulting from the Kaluza-Klein tower. 
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B.l Expansions of b 

We may expand Eqn. ()B.15|I under different limits to get practical expressions which one may then 
substitute into Eqn. (|B,20I) . In the large £ limit the integral over p in Eqn. (|3.25fl receives a sizeable 
contribution only from the region of small momenta (p < l/£), while the remaining part of the region 
of integration is exponentially suppressed. So we can expand the function 6 in Eqn. (|B.15|I . which is 
the building block for the full integrand (|B.20|) . for small momenta. In the regime l/£ 2 <C F, M 2 , this 
expansion gives 

,,2 2 2x m 2 log m? - m| log ml p 2 4 4 2 2 m 2 /I3 „„, 

b{p ,m 1 ,m 2 ) » -H j 2 h 757— 2 2TT m i ~~ m 2 - 2m 1 m 2 log — . (B.22) 

Even if it is not immediately obvious, there are no poles in this equation Eqn. (|B.22|) when F — > (i.e. 
mi — > m 2 ). Using this limit we can obtain the expression for when both masses are equal: 

&(p 2 ,m 2 ,m 2 )^logm 2 + -^ + 0(^), (B.23) 
om 2 m 4 

which shows that there are no discontinuities when F changes from F> 1/f 2 to F < l/£ 2 . 

B.2 Minimal GMSB 

When the superpotential is of the form 

W = X®ih (B.24) 

where X = M + 2 F, then the model only has three masses: (M 2 ,M% = M 2 (l + x),M 2 = M 2 (l - x)). 
The limit of small £, with flat space, the 5d model will return to the 4d result: 

4M 4 n V 2 o n R 

H w -d— [x 2 log(^) + (x 2 + 3x + 2) log(l + x) - x 2 + (x -> -x)] + 0(p~ 6 ). (B.25) 

The intermediate limit F < l/£ 2 ^ M 2 may be found by expanding the large £ limit and taking the first 
order in x = F/M 2 we find 

2F 2 

5 w ~d—— (B.26) 

3M 4 v ; 

In the large I limit where 1 /I 2 < F, M 2 we find 

S « -d[ 4 + X r 2X log(l + x) + 1 + (x ->• -z)] + 0(p 4 ), (B.27) 
In agreement with |17| . In this limit we may also make the identification 



= -dx 2 h(x) (B.28) 



Where h(x) is defined in section [472 



B.3 Generalised Messenger Sector 

When the superpotential of the hidden sector is 

W = M{X)ij fcfa = (m + X\)ij fcfa (B.29) 

We have three cases. The limit of small £, with flat space, the 5d model will return to the 4d result [31] . 
In the large £ limit such that l/£ 2 < F, M 2 , we can use Eqn. (|B.22|) and Eqn. (|B.23|) and S n A„ n = 
En A kn = 1 and B+ n = B~ k to obtain Eqn. jUTf. 
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